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Carbon–bromine cleavage by dimethyl sulfoxide:
the key step of C(5) functionalization of push–pull
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Abstract—Push–pull 2-alkylidene-4-oxothiazolidine vinyl bromides undergo efficient C(5) functionalization through DMSO-
assisted carbon–bromine cleavage, followed by a bromine transfer-substitution (or elimination) sequence. A mechanism for this
novel transformation is proposed.
� 2007 Elsevier Ltd. All rights reserved.
Dimethyl sulfoxide (DMSO) is widely used in organic
synthesis, both as a solvent and as a reagent. Numerous
reactions based on DMSO as the reagent have been the
subject of several reviews.1–4 For example, oxidation of
halides and tosylates to aldehydes or ketones, thiols to
disulfides, sulfides to sulfoxides, primary and secondary
hydroxy groups to the corresponding carbonyl groups in
a variety of compounds, and preparation of sulfilimines
and sulfoximines, are all important reactions in which
DMSO is employed either as the sole reagent or in a
combination with other reagents. Combined with N-
bromosuccinimide, it can be used for the synthesis of
a-bromo alcohols from alkenes,5,6 methylene acetals
from alcohols,7 or for the oxidation of 1,2-diaryletha-
nones to diarylethanediones.8 Recently, a mixture of
NBS and DMSO has been applied for the oxidation of
nucleoside phosphite to phosphate, as a step in the syn-
thesis of oligonucleotides.9 In combination with alkyl
halides, DMSO is applied for halogenation of aromatic
compounds,10 aldehydes and ketones,11 and quinones.12

The mixture, DMSO/(COCl)2, can dehydrate amides to
nitriles,13 whereas alkylarenes are oxidized to aryl-
ketones with polyoxomolybdates in DMSO.14 A recently
reported catalyst-free synthesis of cyanohydrin carbon-
0040-4039/$ - see front matter � 2007 Elsevier Ltd. All rights reserved.
doi:10.1016/j.tetlet.2007.01.051

Keywords: Push–pull 2-alkylidene-4-oxothiazolidines; Vinyl bromides;
Dimethyl sulfoxide; C(5) Functionalization.
* Corresponding author. Tel.: +381 11 3336 740; fax: +381 11 636

061; e-mail: mbaranac@helix.chem.bg.ac.yu
ates from aldehydes was promoted by DMSO.15 In addi-
tion, DMSO–iodine can be used for deallylation of a
variety of allylic carboxylic esters,16 while a DMSO–
iodine–CuO system has been employed for C–C double
bond formation from aryl or heteroaryl methyl
ketones.17

Despite the number and diversity of these reactions,
most frequently based on attack by the nucleophilic oxy-
gen of DMSO on electrophilic centers to form reactive
sulfonium salts,18–21 the ability of DMSO to initiate a
specific reaction by halogen abstraction from vinyl ha-
lides has not yet been reported. Herein, we report the
first application of DMSO as a reactant for the C(5)
functionalization of push–pull 2-alkylidene-4-oxothiaz-
olidine vinyl bromides, involving bromine abstraction
by DMSO as a key step, followed by a bromine trans-
fer-substitution (or elimination) sequence. Thus, treat-
ment of vinyl bromides22 1a–d, which belong to the
class of synthetically useful a-acylvinyl anion equiva-
lents,23,24 with wet DMSO at 70 �C resulted, after
prolonged reaction time, in the formation of new 5-
hydroxy vinyl bromides 2a–d, in good yields (Scheme
1, Table 1, entries 1–4).25

Under similar reaction conditions, vinyl bromides 3a–d,
possessing the ethoxycarbonylmethyl substituent at the
C(5) position, were oxidized to 5-ethoxycarbonylmethyl-
idene derivatives 4a–d, in high yields (Scheme 2, Table 1,
entries 5–8).
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Table 1. Synthesis of 5-hydroxy-4-oxothiazolidine vinyl bromides
2a–d and 5-ethoxycarbonylmethylidene-4-oxothiazolidine vinyl bromides
4a–d

Entry Compounda R Mp
(�C)

Yieldb

(%)

1 Z+E-2a NHPh 136 63
2 Z+E-2b NHCH2CH2Ph 111–113 72
3 Z+E-2c OEt 105 55
4 Z+E-2d Ph 100–102 55
5 2Z,5Z+2E,5Z-4a NHPh 185–187 85
6 2Z,5Z+2E,5Z-4b NHCH2CH2Ph 154–155 93
7 2Z,5Z+2E,5Z-4c OEt 184–187 79
8 2Z,5Z+2E,5Z-4d Ph 147 98

a All compounds gave satisfactory elemental analysis and 1H NMR,
13C NMR, and MS spectra.

b Yield of product after purification by chromatography.
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It should be noted that in a control experiment, carried
out under an argon atmosphere in degassed DMSO, 1a
was hydroxylated to 2a in almost identical yield (59%),
as in the reaction carried out under aerobic conditions
(Table 1, entry 1), which excludes possible oxidation
by aerial oxygen.
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Table 2. Mol percentagea of 1a, 2a, 5a and 6a in DMSO-d6 as a function o

Entry Reaction time
(days)

S

H
N

O
Br

O

NHPh

  1a

S

H
N

O
Br

HO
O

2a

1 Initial 100 0
2 2 86 9
3 3 76 17
4 6 45 42
5 10 12 69
6 13 Traces 80

a Determined by integration of the hydrogen atom signals of C-5 in 1a and
b Also formed from 2a after prolonged standing in wet DMSO.
In order to gain additional information, the slow, albeit
efficient C(5) functionalization of vinyl bromides 1a and
1d to 2a and 2d, respectively, was monitored by 1H
NMR spectroscopy in DMSO-d6 at room temperature.
In particular, starting from precursor 1a, besides final
product 2a, parent 4-oxothiazolidine 5a was formed as
an intermediate (Table 2).

In the recently reported pyridinium hydrobromide
perbromide (PHBP) bromination-rearrangement of
2-alkylidene-5-ethoxycarbonylmethyl-4-oxothiazolidine
derivatives26 we proposed that a vinyl bromide interme-
diate of type 3 undergoes a pyridine-assisted heterolytic
cleavage of the C–Br bond en route to the final products.
In this sense, the most important structural difference
between the typical, relatively unreactive vinyl bromides
7 and vinyl bromides such as 1a–d and 3a–d, depicted by
general structure 8, in which bromine is attached to the
C–C double bond exhibiting push–pull character, has to
be noted (Fig. 1).

Whereas resonance stabilization in 7, involving bromine
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and less reactive, resonance stabilization of the Don–
C@C–Acc moiety of 8, characteristic for push–pull alk-
enes,27 weakens electronic interaction between bromine
and the double bond, making the C–Br bond in bro-
mides 8 susceptible to heterolytic cleavage.28 These key
features, which profoundly influence the reactivity of
precursors 1 and 3, supported by the known chemical
behavior of DMSO, lead us to propose the following
mechanistic pathway for the described reactions
(Scheme 3).

In the first step, highly polar DMSO induces ionization
of vinyl bromides 1 and 3, resulting in the formation of
carbanion 9 and DMSO–bromonium type species 10,
stabilized by the distribution of the positive charge on
sulfur. Protonation of 9 by water, present in sufficient
amount in DMSO (vide infra), yields the observed 4-
oxothiazolidine intermediate 5. Once formed, cation 10
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reacts with another molecule of vinyl bromide 1, or 3
giving dibromide 11. When R 0 = H, the next step is
the formation of the expected alkoxydimethylsulfonium
salt 12. Decomposition of alkoxydimethylsulfonium
salts to carbonyl compounds, usually in the presence
of a base, is a well-known reaction.29–31 In this case,
however, an efficient hydrolysis to the final alcohol 2
and DMSO occurs, with simultaneous HBr release.32

In the case of R 0 = CH2COOEt, HBr elimination leads
to the stable, conjugated products 4. The liberated
HBr reacts with DMSO to form molecular bromine,33,34

Eq. 1, which brominates the intermediate 4-oxothiazol-
idine 5, yielding the starting vinyl bromides 1, or 3 which
reenter the reaction cycle.

2 HBr + CH3SCH3

O

Br2 CH3SCH3 H2O+ +
ð1Þ

Although, the water necessary for the reaction (Scheme
3) is formed in this redox step, the amount necess-
ary to initiate the reaction was already present in
DMSO.35

In conclusion, we have developed a method for the
introduction of a new functionality, that is, a hydroxy
group or C–C double bond, into the C(5) position of
5-unsubstituted and 5-substituted-4-oxothiazolidine
vinyl bromides, respectively. The method is based on the
propensity of thiazolidinone vinyl bromides to undergo
bromine transfer from the exocyclic C@C bond to the
C(5) position of the ring36,37 and the ability of DMSO
to initiate this process by C–Br cleavage and to oxidize
bromide to molecular bromine.
+

O

S
H3C CH3

Br+
O

S
H3C CH3

Br

+

1 or 3

S

H
N

O
Br

11

Br

R'

(R' = H) (R' = CH2COOEt)

4

S

H
N

O Br

EtO
O

+ HBr
S

H
N

O
Br

12

O

S

3C
CH3

+

R

O

R

O

R

O

DMSO

_

.

10
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